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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The method of manufacturing the thermoplastic micro ball with a low massive object 
content which expanded with heating that the micro ball which has the particle diameter within 
the limits of three to 100 micrometer and which is not expanding is characterized by being made 
dry under stirring until a dry solid content exceeds 98 % of the weight before heating and that a 
micro ball consists of shell which encloses an inflating agent. 

[Claim 2] The approach according to claim 1 that said micro ball is characterized by being made 
dry until a dry solid content exceeds 99 % of the weight. 

[Claim 3] The approach according to claim 1 characterized by making re-wet said micro ball 
made dry, and expanding with heating. 

[Claim 4] An approach given in any of claim 1-3 which are characterized by drying said micro ball 
under [ of a bulking agent ] absent. 

[Claim 5] The band conveyor which has the endless belt (1) which transports a micro ball (A), 
The infrared-heating equipment arranged above said belt (1) including many infrared lamps (4) 

(B) , The measuring allocation equipment which is measuring allocation equipment for the 
aforementioned micro ball which was made dry, and which is not expanding, is connected with 
said belt (1) and arranged in the end of said band conveyor (C), And equipment which expands 
the micro ball which is characterized by including the collection equipment (D) for the micro ball 
which is connected with said belt (1) and arranged in the other end of said band conveyor, and 
which expanded, which was made dry, and which is not expanding. 

[Claim 6] Equipment according to claim 5 characterized by said belt (1) being a 
polytetrafluoroethylene belt. 

[Claim 7] Equipment according to claim 6 characterized by presenting antistatic treatment with 
said polytetrafluoroethylene belt. 

[Claim 8] Equipment according to claim 7 characterized by said polytetrafluoroethylene belt 
being black. 

[Claim 9] Equipment according to claim 5 with which said band conveyor is characterized by 
including a sliding plate (3) in said belt (1) bottom of the up transit section. 

[Claim 10] Equipment according to claim 5 characterized by said measuring allocation equipment 

(C) containing a measuring allocation screw (7) and a vibrating feeder (8). 

[Claim 1 1] Equipment according to claim 10 characterized by said vibrating feeder (8) containing 
the sheet metal member (13) which intersected perpendicularly with the feeder pars basilaris 
ossis occipitalis, and was located in the longitudinal direction. 

[Claim 12] Equipment according to claim 5 characterized by having the slot (12) prolonged in the 
longitudinal direction to which opening of the free end is carried out, and screw casing emits a 
micro ball while said measuring allocation equipment (C) contains a long measuring allocation 
screw (1 1). 

[Claim 13] Equipment according to claim 5 characterized by said collection equipment (D) 
containing the collection pars infundibularis lobi anterioris hypophyseos (9) connected with a 
vacuum conveyor (10). 
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[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the method of manufacturing the thermoplastic micro ball which 
expanded without forming the manufacture approach of the thermoplastic micro ball 
(microspheres) which expanded, especially a massive object, and the equipment which expands 
said micro ball. 
[Description of the Prior Art] 

Especially manufacture and use of the thermoplastic micro ball which can expand are indicated 
by the U.S. Pat. No. 3,615,972 specification especially. For example, said spherical thermoplastic 
shell (shell) consists of the polymers or copolymers by which the polymerization was carried out 
from monomers, such as a vinyl chloride, a vinylidene chloride, acrylonitrile, methyl methacrylate, 
styrene, or those mixture. A spherical grain size which is not expanding, and a spherical grain 
size which expanded change within the limits of extensive threshold value, and is selected based 
on the property which the last purpose product is expected, as an example of a spherical grain 
size which is not expanding — 1 micrometer - 1mm — desirable — 2 micrometers - 0.5mm — 
and [ especially ] it is 5 micrometers - 50 micrometers. By expansion, the path of a micro ball 
increases by 2 to 5 times. The solid sphere which is not expanding includes the volatile liquid 
voluminal expansion agent gasified by supplying heat. When heat is supplied, said polymer shell is 
softened, and when an inflating agent is gasified, a solid sphere expands. An inflating agent 
consists of other inflating agents currently conventionally used for Freon, for example, 
trichlorofluoromethane, a hydrocarbon, for example, n pentane, i-pentane, a neopentane, butane, 
i-butane, or the micro ball of the type described here. As for an inflating agent, it is desirable to 
constitute 5 - 30% of the weight of the weight of a micro ball. An example of the micro ball 
product which can come to hand appropriately and commercially is Expancel (Expancel: 
trademark), and this has the thermoplastic shell which consists of a vinylidene chloride/an 
acrylonitrile copolymer, and an isobutane as an inflating agent. 

The thermoplastic micro ball which is shown in a U.S. Pat. No. 3,615,972 specification and which 
can be expanded is manufactured in aqueous suspension. Process water is removed by 
sedimentation, centrifugal separation, filtering, or other suitable techniques. A micro ball is 
obtained with the gestalt of the sentiment cake containing about 65% of dry solid. The micro ball 
which is not expanding can be used as what expands on the spot, namely, a solid sphere is 
heated after being mixed with the ingredient of a different type, and a micro ball expands. The 
commercial examples of application of this type of thing are paper, a board, and printing ink. 
A thermoplastic micro ball is applied, when temperature does not rise during processing, or also 
when it is not an elevated temperature enough so that temperature expands a micro ball. In 
these examples of application, the micro ball with which preliminary expansion of dry cleaning or 
the wet condition is carried out is used. As an example of commercial application of this type of 
micro ball, there is [ solid sphere / dry ] a coating about polyester and a wet solid sphere. 
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The manufacture approach of a micro ball that both wet and dry types expanded is known. Dry- 
izing and the approach of expanding are indicated in the micro ball by the U.S. Pat. No. 4,397,799 
specification by spraying the spherical dispersion liquid in an inactive liquid in elevated- 
temperature inert gas. On the European Patent No. 112,807 specifications, the approach of 
expanding the micro ball which can expand is indicated, and the spherical slurry to which it is not 
expanding in the inactive liquid is supplied to a pressure field, and when contacted by the steam, 
it expands there. A solid sphere is sent out from a pressure field in the state of remarkable 
pressure drawdown from it. the concentration of the solid sphere [ element / of these 
approaches / important ] in the morphology of design of expansion equipment, processing 
conditions, for example, temperature, time amount, and a slurry — it comes out. If these 
elements are not fitted appropriately, the expansion product which includes a lot of massive 
objects, i.e., the combined expansion solid sphere, will be obtained. The reason is that a little 
«1%) massive object cannot be avoided, a micro ball adheres to the wall of expansion equipment, 
and it dissociates, and becomes a pellet-like object. Although a little massive object is permitted, 
it is not desirable. 

It is thought that it depends for formation of a massive object on the thermoplastic property of a 
micro ball completely. If expansion takes place at temperature higher than usual, much massive 
objects are acquired. A temperature rise (1 degree or 2 degrees) becomes sufficient thing to 
bring about difficulty. Possibility that high expansion temperature will be needed for expansion of 
the micro ball which has a high glass transition temperature, a lot of massive objects will arise, or 
a massive object will be formed becomes high. 
[The means for solving a technical problem] 

This invention offers the easy solution for the technical target which manufactures the 
thermoplastic micro ball with very few massive object contents which expanded as indicated by 
the claim. This invention is based on having discovered the point of the micro ball which was 
made dry to the predetermined dry solid content and which is not expanding having been heated 
by the easy approach, and expanding in a completely free micro ball without a massive object. 
Not adhering mutually became clear, if it had the dry solid content which exceeds 98 % of the 
weight before expansion even if the solid sphere was thermoplasticity conversely as the 
condition of having been expected. Moreover, it became clear about that it may expand in the 
condition of not adhering to mutual [ which were made dry so that it might have a dry solid 
content exceeding 98 % of the weight, and were subsequently again made wet / the micro ball 
mist beam and mutual ]. Possibility of dry-ized processing denaturalizing the surface 
characteristic of a micro ball, namely, adhering mutually is removed. 

In order to obtain a micro ball without a massive object, it is important to carry out in the 
approach dry-ized processing is satisfying. The micro ball which is dry — ization-processed at a 
room temperature, and does not receive what kind of activity, either forms the mass object 
similar to concrete joined by solidifying. If this mass object expands, much massive objects will 
be acquired and the free micro ball which expanded will not be obtained. Therefore, dry-ized 
processing must be carried out by stirring and coincidence of a mechanical activity or other 
gestalten. 

as [ indicate / this invention / by the above-mentioned patent specification ] — it is 
complicated and the need for the expansion equipment of cost quantity is removed. When 
enforcing the approach of this invention effectively, the micro ball in the dry condition of not 
expanding expands in the conventional heating cabinet equipped with a fan and an exhauster. A 
solid sphere can be placed in a cup and on a tray. This expansion technique is very easy, 
therefore may be carried out by the user of the micro ball which expanded. This is cheap and 
means that the solid sphere in a dry condition which is expanding can be treated while it is more 
easy to manage instead of treating the disadvantageous micro ball which expanded in that are 
cost quantity, have one several times the capacity of this, and a still bigger dust contamination 
problem is brought about while a user has to use it until now. 

Naturally, since the micro ball of a dry condition is expanded, different expansion equipment can 
also be used. It can expand with contact to infrared heating, heating by radiant heat, and 
elevated-temperature air, or microwave or a steam. Another expansion equipment considered is 
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the heated screw extruder. 

Especially a desirable thing is expansion equipment indicated by the claim, the equipment with 
which this collects the micro balls with which measuring allocation (dosing) of the micro ball in a 
band conveyor and the dry condition of and not expanding is carried out, and which equipment 
[ balls ] and expanded — since — it is constituted. [ infrared heating ] Such expansion 
equipment is easy and cheaper than the Prior art which performs for example, spray dry-ized 
processing. The point that this expansion equipment does not almost generate dust is a 
surprising fact. The spherical property (disposition) in which it expanded on the belt is in a loose 
integrated state (assocation), therefore dust is prevented. These resemble a small scrap or 
"cornflakes" as an appearance. However, a solid sphere has free flowability like the spray-dry- 
ized micro ball after collection. As compared with spray dry-ized processing, i.e., the processing 
in which the elevated-temperature front face in drying room, pipe equipment, and a filter may 
often adhere to the solid sphere which expanded, a band conveyor is not equipped with an 
elevated-temperature member except for a belt, but the expansion equipment of this invention 
has it. [ advantageous ] The air which transports the solid sphere which expanded from a belt is 
greatly diluted by the air of a room temperature, therefore a solid sphere has the temperature 
which does not usually exceed about 30 degrees C, when sent out from a belt. 
The micro ball which is in a wet condition first and which is not expanding must be made dry 
under churning of a certain condition by a mechanical work or the airstream in the fluid bed. The 
solid sphere of a wet condition may be made dry under stirring for example, in the Morton 
(Morton) mold mixer. As another mixer considered, there is a planet mold mixer, Z-blade mixer, a 
propeller mold mixer, or a cracking unit. The dry solid content from which expansion is attained 
in the condition that there is no massive object must exceed 99 % of the weight preferably 98% 
of the weight. 

The micro ball suitable for being used in the approach of this invention is manufactured from a 
copolymer with the copolymerization-ized ethylene partial saturation monomer, especially 
acrylonitrile to polystyrene or styrene, and 40 % of the weight (as on the basis of styrene). Other 
suitable polymers are a vinylidene chloride and a copolymer with the acrylonitrile or the vinyl 
chloride to 40 % of the weight (as on the basis of a vinylidene chloride), a desirable copolymer — 
0 - 80% of the weight of a vinylidene chloride, 0 - 75% of the weight of acrylonitrile, and 0 - 70% 
of the weight of methyl methacrylate — and they are 0 - 55% of the weight of a vinylidene 
chloride, 40 - 75% of the weight of acrylonitrile, and 0 - 50% of the weight of the copolymer of 
methyl methacrylate ** especially preferably. However, this invention is not limited to these 
things at all, and the reason is that the approach of this invention may be used for all types of 
thermoplastic micro ball. 3-100 micrometers of suitable grain size of a micro ball are within the 
limits of 5-50 micrometers preferably. 

The micro ball in the dry condition of not expanding can be used as the filler of the class which 
changes with requests. As a suitable filler, it can be said to be what can bear the expansion 
temperature of a micro ball. For example, it is desirable to use talc, a choke, a kaolin, and an 
inorganic filler like doromite. 

Desirable expansion equipment is explained below with reference to an accompanying drawing. 
[Function] 

This equipment contains a band conveyor (A), infrared-heating equipment (B), the spherical 
measuring allocation equipment in the dry condition of not expanding (C), and the spherical 
collection equipment (D) that expanded. A band conveyor contains the endless belt (1) which 
runs the perimeter of two rollers. The belt should be formed from the polytetrafluoroethylene 
which has the outstanding drag force to the outstanding exfoliation properties and temperature. 
In order that a belt may prevent carrying out the electric charge of static electricity, it is 
desirable to perform antistatic treatment. When a conductive black pigment is used for antistatic 
treatment, another advantage that a black belt absorbs heat is acquired, and this means more 
uniform expansion. As an option, the conductor (2) of static electricity can be attached to an 
antistatic belt. In the up transit section bottom, a sliding plate (3) can also be prepared in a band 
conveyor. A sliding plate has two functions. In a light-gage belt, this has a function as a base 
material carried out smoothly in a belt. A light-gage belt has the inclination which engages with 
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the frame of a band conveyor irregularly. While a sliding plate is formed by the span of the 
predetermined range, a sliding plate makes a belt engaged flexibly, and makes it elongate by being 
fixed only in an end. A sliding plate is fixed to the frame of a band conveyor in the end section 
with two screw threads. A sliding plate gives more uniform temperature to a belt. 
Infrared-heating equipment (B) is equipped with the infrared lamp for adequate several short 
wave infrared radiation (4) while it is arranged above a belt (1). A lamp is attached in a cassette. 
Since overheating is prevented, air quenching (5) of the cassette can be carried out. The power 
of a lamp may be controlled. A temperature control gestalt can consider two kinds. Infrared lamp 
power is controlled or the distance between a lamp and a belt changes. The easiest approach is 
making distance between a lamp and a belt regularity while controlling power. If required in order 
to maintain temperature high enough, an additional infrared lamp can also be attached. These 
addition lamp can be attached in the belt part in which a micro ball (6) does not exist. Although 
expansion temperature is an elevated temperature from about 100 degrees C or it, exact 
measured value is unnecessary. On the other hand, the temperature of the air which surrounds a 
solid sphere must not exceed 250 degrees C, and the range of 80-200 degrees C of suitable air 
temperature is 100-150 degrees C preferably. 

Measuring allocation of the micro ball is carried out on a belt by measuring allocation equipment 
(c), and this measuring allocation equipment has the gestalt of the measuring allocation screw (7) 
combined with the vibrating feeder (8) which has two mechanical oscillation machines. The sheet 
metal member which intersected perpendicularly with the pars basilaris ossis occipitalis, and has 
been arranged in the longitudinal direction is prepared in a vibrating feeder (8), a belt is crossed 
to it, and a solid sphere is made to distribute to it uniformly. In order to promote further uniform 
distribution of the micro ball to a belt top, a screening cloth is used, and this cloth is arranged 
behind a vibrating feeder and it is made for a solid sphere to fall on a belt through a screening 
cloth from a feeder. A long screw (1 1) can also constitute measuring allocation equipment as in 
Fig. 2 . A screw crosses a belt and is attached, the casing has the slot (12) prolonged in a 
longitudinal direction, and a solid sphere is distributed through it. The free end of a screw is 
opened wide and emits a superfluous solid sphere. Collection equipment (D) has the gestalt of 
the collection funnel (funnel) (9) connected with a vacuum conveyor (10). 

In operating equipment, a band conveyor and an infrared lamp start. A belt is heated with a lamp, 
before allocation equipment and a vacuum conveyor start. The micro ball in the dry condition of 
not expanding is distributed on the amount of requests, and a belt, and a spherical uniform layer 
crosses a belt and is formed. And with a belt, a micro ball is sent to the other end from the end 
of a band conveyor, are collected by the collection funnel there, and are attracted by the 
vacuum conveyor. When being sent to the other end from the end of a band conveyor with a 
belt, a micro ball passes an infrared lamp, is heated and expands. A vacuum conveyor sends the 
micro ball which finishes and carries out free transit and which expanded to a suitable collection 
container (14). A belt rate, the power of an infrared lamp, and the amount of allocation of a micro 
ball are the parameters which must be controlled, and it can be easily carried out by the 
equipment operator to the micro ball of the various types which should give a desired 
consistency as opposed to each equipment. 
[Example] 

In order to show the importance of a dry solid content for obtaining the solid sphere without a 
massive object which expanded, many tests were carried out and the micro ball of various dry 
solid contents expanded there. Spherical shell consists of 55% of the weight of a vinylidene 
chloride, 45% of the weight of acrylonitrile, 5% of the weight of methyl methacrylate, and an 
isobutane inflating agent. The amount of a massive object was measured as an amount of 
screening residuals of Ushiro who screened the sample which expanded. If there are many 
amounts of screening residuals after screening, there will be so many amounts of a massive 
object. The screening residue is determined by the sentiment screening by 1 00-micrometer 
screening. The sample was made dry in the Morton mold mixer, and expanded by the tray or the 
aluminum thin film integrated circuit within the heating cabinet. The consistency of the ingredient 
which expanded was measured in the Beckmann (Beckman) measurement-of-specific-gravity 
bottle. The test result is shown in the next table. 
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The amount of the screening residue, therefore a massive object is falling more notably than the 
solid sphere in which the direction which receives the solid sphere which has a dry solid content 
exceeding 98% has 98% or less of dry solid content so that clearly from a table. 
The next test was carried out, in order to show that it may expand without increasing the 
amount of a massive object even if the micro ball made dry has the moisture by which they were 
absorbed even if until a dry solid content exceeds 98%. The micro ball made dry until the dry 
solid content became 99.1% was kept by the humid environment (100% relative humidity). It was 
taken out at spacing from which a sample differs, and the moisture content was measured, and 
the sample expanded. The result is shown in the 2nd table. The micro ball of two different types 
was used. An upper result is related with the micro ball which has the shell presentation which 
consists of 55% of the weight of a vinylidene chloride, 45% of the weight of acrylonitrile, and 5% of 
the weight of methyl methacrylate from the broken line of front Naka. The result of a lower part 
is related with the micro ball which has the shell presentation which consists of 25% of the 
weight of a vinylidene chloride, 75% of the weight of acrylonitrile, and 50% of the weight of methyl 
methacrylate from a broken line. 
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[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Fig J is an outline side elevation of the equipment of this invention. 
Fig 2 is a side elevation of measuring allocation equipment. 
1 .... An endless belt, 2 .. Conductor, 

3 .... Sliding plate, 

4 .... An infrared lamp, 5 .. Air quenching, 

6 .... A micro ball, 7 .. Measuring allocation screw, 
8 .... An oscillating feeder, 9 .. Collection funnel, 
10 .... Vacuum conveyor, 

A .... A band conveyor, B .. Infrared-heating equipment, 

C .... Measuring allocation equipment, D .. Collection equipment. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 

[ Fig. 1 ] 
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